We are developing synthetic peptides that non-covalently attach to natural proteins, augmenting their properties and developing novel hybrid functional materials. Using a set of hydrophobic-residue containing collagen-mimetic peptides that self-assemble into nanodiscs, we aim to encapsulate membrane proteins, increase protein hydrogel hydrophobicity, and create novel materials using structural proteins. Preliminary results suggest nanodisc interactions with the reaction center-light harvesting complex I (RC-LH1) could elucidate additional RC-LH1 structural and functional information, useful for the development of next generation solar cells. Furthermore, electron micrographs of nanodiscs embedded in collagen type I (COL I) hydrogels provide evidence for the enhancement of hydrophobic properties of COL I, and the potential for sequestering hydrophobic molecules for drug delivery. Lastly, nanodisc induced assembly of the structural protein tropomyosin is explored with the intent of enhancing the structural properties of COL I hydrogels. Several mono and carboxylate-bridged diiron nuclear enzymes are critical in activating dioxygen in biological processes such as DNA synthesis, hydrocarbon metabolism and cell proliferation1. Iron-containing enzymes such as cytochrome P450, peroxidases, catalases and methane monooxygenase (MMO) have been shown to activate dioxygen by using two electrons and protons to produce iron (IV) oxo intermediates2. The remarkable efficiency of these enzymes is attributed to formation of iron(IV) cations which serve as active oxidants in enzymatic reactions and can attack C-H bonds of a wide range of hydrocarbon substrates. It is widely postulated that ferryl-oxo species are key intermediates in the mechanism of cytochrome P450 and MMO. However due to the complexity of protein environments in biological iron enzymatic systems, monitoring the structural changes occurring during dioxygen activation is a complex undertaking. This project serves to study the light driven activation of a well characterized artificial analogue of an diiron MMO enzyme, (m-peroxo) (m-carboxylato) diiron(III) complex, [Fe2(m-O2)(N-EtHPTB)(m-PhCO2)]2þ in a chromophore/ diiron complex assembled unit. Such types of assemblies provide new avenues for study of catalytic reaction mechanisms. They are promising examples of artificial molecular systems leading to dioxygen activation as visible light is efficiently absorbed at the chromophore, and light energy is in turn converted into a chemical potential via an electron relay through charge accumulation processes at the iron metal center. Formation of high valent iron peroxo species have been shown by UV-Vis, EPR and Resonance Raman spectroscopy as well as X-ray spectroscopic analysis. XANES and EXAFS revealed formation of an iron peroxo and oxo species with shorter bond distances and different coordination numbers. (1) DNA is a unique nanoscale material that enables the design and synthesis of nanoscale structures of prescribed shape and functionality via programmable self-assembly. Angstrom-level control over the location and orientation of programmed Watson-Crick basepairs offers the ability to scaffold and spatially organize optically active materials to yield novel optical and photonic properties. Here, we present two distinct strategies for designing and synthesizing DNA-based photonic materials, and emphasize the roles of computational modeling in this process. First, we use computational modeling to design mechanically stiff nanoscale DNA ''molds'' that have user-specified three-dimensional cavity with a nucleating gold seed, which grows in solution to fill and replicate the cavity. We demonstrate the capability of producing nanoparticles of various shapes and materials that exhibit plasmonic properties that are consistent with electromagnetism simulations. In silico design of stiff molds of nearly arbitrary geometric cavities with resulting optical properties that are prescribed a priori enable a property-by-design framework for producing inorganic particles with prescribed functional properties. Second, we use DNA to program the scaffolding of chromophores into complex threedimensional assemblies, enabling controlled energy transfer at the nanoscale. This strategy is inspired by nature, where cells use organized assemblies of chromophores to capture photons and funnel the resulting excitons toward the reaction center where they are converted to chemical energy. In particular, the close-packing of chromophores results in the emergence of quantum coherence that can strongly affect exciton transport across the structure. Using För-ster energy transfer modeling, as well as a hybrid molecular dynamics and quantum mechanical approach, we demonstrate how emergent excitonic and light-harvesting properties of diverse DNA-dye assemblies can be elucidated. 
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